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[57] ABSTRACT 

A method for obtaining a rectified signal from a first 
alternating current signal. The method includes the step of 
inputting the first alternating current signal into a variable 
gain amplifier to obtain a second alternating current signal. 
The second alternating current signal has a substantially 
constant peak-to-peak voltage irrespective of a power level 
of the first alternating current signal The method further 
includes the step of rectifying the second alternating current 
signal, using a power detector circuit, to obtain the rectified 
signal, whereby a direct current level of the rectified signal 
is substantially proportional to the power level of the first 
alternating current irrespective of the power level of the first 
alternating current. The rectified signal may then be 
employed in. for example, a feedback control circuit to 
control the amount of power output by an RF signal source. 

14 Claims, 6 Drawing Sheets 
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METHODS AND APPARATUS FOR SIGNAL 
AMPLITUDE CONTROL SYSTEMS 

BACKGROUND OF THE INVENTION 

The present invention relates to amplitude-controlled sig- 
nal sources. More particularly, the invention relates to 
methods and apparatus for signal amplitude control systems. 

Radio frequency (RF) signal sources are circuits that 
generate, in response to a control input* amplitude- 
controlled output signals having variable amplitudes. FIG. 1 
is a block diagram illustration showing an RF signal source 
100, which receives a user-supplied control signal 102. 
User-supplied control signal 102 is a direct current (dx.) 
voltage signal and is typically derived from the digital 
output of a microprocessor, a microcontroller, or similarly 
suitable logic circuits through, for example, a conventional 
digital-to-analog converter (DAC). Responsive to the dc. 
voltage level on user-supplied control signal 102. RF signal 
source 100 generates an amplitude-controlled output signal 
104. The amplitude-controlled output signal 104 may then 
be employed to drive a load 106. representing a resistive 
load or an antenna such as that found in a cordless or a 
cellular phone of modem communication systems. 

Ideally, all RF signal sources should produce the same 
output power level for a given control input dx. voltage 
level. Due to temperature-induced variations, manufacturing 
tolerances, and others, however, the parts within different 
RF signal sources may cause those RF signal sources to 
output different levels of power for a given control input dc. 
voltage level. To keep the output power of RF signal sources 
within a specified range, a calibration scheme is usually 
necessary. 

If the response of the RF signal source is linear, i.e., its 
output power level or voltage level varies linearly with the 
dc. voltage level of its control input, and there is no 
temperature-dependent fluctuations, calibration may be per- 
formed in a relatively straight-forward manner. To facilitate 
discussion, FIG. 2 shows a line 110 on a plot of RF signal 
source output power level (shown in dBm) vs. the dc. 
voltage level of the RF signal source control input signal 
line 110 represents the Ideal linear response of an RF signal 
source, in which a linear increase or decrease in the control 
input d.c. voltage level results in a corresponding linear 
increase or decrease in the output power level of the 
amplitude-controlled output signal. 

The ideal RF signal source associated with Line 110 may 
be calibrated by measuring its output power levels at two 
points on line 110. e.g., points 112 and 114. and noting the 
required control input dc. voltage levels at those two points. 
The dc. voltage level of the control input that is required to 
obtain any desired output power level on line 110, e.g.. at 
point 116. may men be calculated simply by extrapolating 
along the slope of line 110. By appropriately modifying the 
control input signal voltage level, the ideal RF signal may 
then be compensated e.g.. for its manufacturing tolerances. 

Unfortunately, prior art RF signal sources have been far 
from ideal. The response of a typical prior art RF signal 
source may, for example, resemble that of curve 120 due to 
the nonlinear relationship between its output power vs. the 
dc. voltage level of the control input. Because of this 
nonlinearity, the calibration of the prior art RF signal sources 
requires much additional work. For example, it is not 
possible to derive the required dc. voltage level of the 
control input at point 122 simply by calibrating at points 124 
and 126 on curve 120. To calibrate the prior art RF signal 
source that is associated with curve 120. it is typically 
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necessary to learn its response by sampling along line 120 at 
discrete intervals. From the sampling data, a lookup table 
may then be constructed This lookup table may then be 
employed to modify the dc. voltage level of the control 
5 input (by. e.g., modifying the aforementioned digital signal 
from the microcontroller) to calibrate the prior art RF signal 
source. 

Further, the power response of prior art RF signal sources 
is temperature dependent For a given control input dc. 
i° voltage level, its output power level changes responsive to 
changes in temperature. Accordingly, the aforementioned 
calibration procedure must also be performed at different 
tcniperatures to ensure that a given control input dc. voltage 
level can generate the appropriate desired output power level 
15 at a given temperature. 

To explore the difficulties experienced in the prior art, 
FIG. 3 shows a prior art RF signal source 300. including an 
RF power amplifier 302 and a power controller circuit 304. 
Responsive to a user-supplied control signal on a terminal 
20 306, RF power amplifier 302 varies the power level of the 
output signal on line 308 to cause RF signal source 300 to 
output a desired power level. 

Power controller circuit 304 represents the control circuit 
for detecting the amount of power output by RF power 
25 amplifier 302 and controlling RF power amplifier 302, if 
necessary, to ensure that the desired power output level is 
maintained for a given control signal voltage level on 
terminal 306. In FIG. 3, a line coupler 310, also known as 
a directional coupler, samples a fraction of the output power 
30 on line 308 and provides a sensed signal on a line 312 to a 
power detector 314 of power controller circuit 304. In a 
typical prior art RF signal source, power detector 314 may 
be implemented by. for example, a Schottky barrier diode- 
35 based rectifier. 

Power detector 314 rectifies the sensed signal on line 312 
and outputs a rectified signal on a line 316 to an error 
amplifier 318. Error amplifier 318 compares the signals on 
line 316 and terminal 306 and outputs an error signal on line 
320 to control the amount of power output by RF power amp 
302. In the example of FIG. 3. error amplifier 318 is 
implemented by an operational amplifier, which is arranged 
in a conventional integrating amplifier arrangement 
If the d.c, voltage level on line 316 (i.e., the output of 
45 power detector 314) is lower than that at terminal 306 (Le.. 
the user-supplied control signal), error amplifier 318 will 
integrate upward to increase the dc. voltage level of the 
error signal on line 320. This causes RF power amplifier 302 
to increase its output on line 308, which is sensed through 
50 line coupler 310 by power detector 314. RF power amplifier 
302 continues to increase its outout until the dc. voltage 
levels on line 316 and terminal 306 are approximately equal. 
As is seen, power controller 304 increases the output of RF 
power amplifier 302 whenever the dc. voltage level of the 
55 user-supplied control signal increases (i.e., power controller 
acts to increase the output power level responsive to an 
increase in the dc. level of the user-supplied control signal) 
or whenever the power level of the RF signal source output 
on line 308 drops below the level specified by the user- 
6o supplied control signal (i.e., power controller 304 acts to 
correct a drop in the output power level). 

The typical power detector 314 is. however, nonlinear in 
Its rectifying characteristics over a wide dynamic range, e.g.. 
over 30 dB of the output signal on line 308. In other words, 
65 the transfer characteristics between the sensed signal on line 
312 and the rectified signal on line 316 is nonlinear for 
different output power levels on line 308. This nonlinearity 
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affects the response of error amplifier 318, which in turn signal having a substantially constant peak-to-peak voltage 

causes the error signal on line 320, which controls the RF irrespective of a power level of the output signal of the 

power amplifier 302, to be nonlinear. As a result prior art power amplifier. 

power control 304 results in, for different power levels There is further provided a power detector circuit coupled 

output by RF power amplifier 302. a nonlinear relationship 5 to the variable gain amplifier for receiving the variable gain 

between the voltage level of the user-supplied control signal amplifier output signal and for outputting a rectified signal 

on terrninal 306 and the power level output by the RF signal Additionally, there is provided an error amplifier having a 

source on line 308. first error amplifier input and second error amplifier input 

Since a wide dynamic range, i.e., a wide range of output The first error amplifier input is coupled to the power 

power levels, is necessary in modem communication 10 detector circuit for receiving the rectified signal while the 

systems, this nonlinearity must be compensated for in the second error amplifier input is coupled to the reference 

control algorithm that generates (he user-supplied control voltage level, whereby the error amplifier outputs the error 

signal at terminal 306. The same nonlinearity also compli- signal responsive to a difference between the rectified signal 

cates the aforementioned calibration procedure, typically and the reference voltage level. 

requiring the sampling of the output power levels on line 308 1 5 in another embodiment the present invention relates to a 

at discrete increments in the voltage level of the user- method for obtaining a rectified signal from a first alternate 

supplied control signal. ing current signal The method includes the step of inputing 

As mentioned earlier, the transfer characteristics of power the first alternating current signal into a variable gain 

detector 314 is temperature dependent At different amplifier to obtain a second alternating current signaL In this 

temperatures, the rectified signal on line 316 may vary for a 20 embodiment the second alternating current signal has a 

given power level of the sensed signal on line 312. In the substantially constant peak-to-peak voltage irrespective of a 

prior art, this temperature dependence must again be power level of the first alternating current signal. The 

accounted for in the control algorithm that generates the method further includes the step of rectifying the second 

user-supplied control signal at terminal 306 and in the alternating current signal, using a power detector circuit to 

calibration procedure, i.e„ by sampling the output power 25 obtain the rectified signal whereby a direct current level of 

level on line 308 at different temperatures. As can be seen, the rectified signal is substantially proportional to the power 

the prior art power control architecture requires elaborate level of the first alternating current irrespective of the power 

compensation and calibration procedures. level of the first alternating current. 

Alternative approaches in the prior art to linearize the M These and other advantages of the present invention will 
power detector over a wide dynamic range unfortunately become apparent upon reading the following detailed 
give rise to other problems. For example, another well descriptions and studying the various figures of the draw- 
known prior art power controller architecture utilizes a ings. 
logarithmic amplifier strip structure as power detector 314 to 

achieve linear power detection over a wide dynamic range. 35 BRIEF DESCRIPTION OF THE DRAWINGS 

However, the aforementioned logarithmic amplifier strip pic. 1 is a block diagram illustration showing an RF 

structure tends to be bandwic^-lmaited, lc, it is unable to source , ks controlinput and its variable output. 

linearize power detection at high frequencies. For example. mm . M % „ . , , 

it has been found that the logarithmic amplifier strip struc- FIG. 2as aplot of the RF signal source output power level 

ture does not satisfactorily provide linear power detection at ^ (shown in dBm) vs. the <Lc. voltage level of its control input 

above 800 MHz over a 30-40 dB dynamic range at a power FIG. 3 shows a prior art RF signal source, 

supply consumption level that is appropriate for low power FIG. 4 shows, in accordance with one embodiment of the 

applications. present invention, an RF signal source having a linearized 

In view of the above, what is desired is an improved signal power controller, 

amplitude control system that is more linear in its transfer 45 FIG. 5A shows, in accordance with another embodiment 

characteristics and is more temperature independent of the present invention, a power detector circuit including 

Furthermore, the improved signal amplitude control system the temperature compensation circuitry, that is suitable far 

preferably operates at a high bandwidth and a high dynamic use in the inventive power controller, 

range to accommodate the requirements of modem RF piG. SB shows, in accordance with another aspect of the 

circuits, such as those employed in wireless communication 50 present invention, a technique for compensating for thermal 

systems, errors using the detector cell of FIG. 5A 

SUMMARY OF THE INVENTION FIG. 6 shows, in accordance with yet another embodiment 

of the present invention, a linearized power sensor circuit 

The present invention relates, in one embodiment to a 

power controller circuit for generating an error signal from 55 DETAILED DESCRIPTION OF THE 

an alternating current output signal of a power amplifier, a PREFERRED EMBODIMENTS 
reference voltage level, and a control signal. Hie power 

controller circuit includes a power sampler circuit for sara- As discussed above, FIG. 1 is a block diagram illustration 

pling a portion of the output signal and outputting a sensed showing an RF signal source, its control input, and its 

signal, which is proportional to a power level of the output 60 variable ampUtude^controUed output signal. FIG. 2 is a plot 

signal. There is further included a variable gain amplifier °f RF signal source output power level (shown in dBm) 

having a first variable gain amplifier input and a second vs. the d.c. voltage level of its control input FIG. 3 shows 

variable gain amplifier input, The first variable gain ampli- a P^or art RF signal source. 

fier input is coupled to the power sampler circuit for receiv- The invention relates, in one embodiment to a power 

ing the sensed signal while the second variable gain ampli- 65 controller that advantageously provides linear power detec- 

fier input receives the control signal. The variable gain tion (i.e.. detects the power output by the RF power amplifier 

amplifier functions to output a variable gain amplifier output in a linear manner). Unlike prior art power controller 
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schemes ihe power controller of the present embodiment linearly with the voltage level of its control signal on line 

remains Wear over a wide range of RF amplifier output 414) or, preferably, linear in dB (i.e.. the output signal power 

power. e.g.. up to 40 dB. and at high frequencies, e.g. 800 in watts varies exponentially with the voltage level of its 

megahertz and above, up to 2.5 gigahertz. control signal on line 414) for a high dynamic range. The 

FIG. 4 illustrates, in one embodiment, an RF signal source 5 selection of an appropriate VGA 412 among the conven- 

400 that advantageously employs (he inventive power con- tional and known designs to a particular dynamic range and 

troller 401 to sense and regulate the amount of power output other power control characteristics is well within the ability 

by an RF power amplifier 402. RF power amplifier 402 0 f those skilled in the art 

represents a voltage-controlled gain amplifier of a conven- M fa scco u pj 0 4 po Wa - sampling circuit 408. VGA 

tional design in which the power. i.e.. the amplitude, of its 10 4J2 a 418 Md amplifier 424 form the 

a.c. output signal (herein "ampUtude-controlled 1 signal") on fecdt ^k control loop of RF signal source 400. When the 

line 404 varies responsive to ihe d.c. level of its control control loop of RF signal source 400 is stable. VGA 412 will 

signal on line 406. attenuate large sensed signals on line 410 or amplify small 

The amplitude-controlled signal on line 404 ,s sampled by £ * * ^ „ constant 

apowasao 1 plercircmt408.wh^chouttJUts analteniatmg ~ * f ft , a c ouq)ut si j on jJ Be 4 16. 

current (a.c ) sensed signal on Une ZanSgeo»W. VGA ou?ut signal on line 416 has a 

proportional to the power level of the amphtude-controUed 1 > subsidy narrower than that of the 

signal on line 404. In one embodiment, power sampler S-rfdiS onUne 410 

circuit 408 represents the familiar directional coupler or line sensed signal on line 410. 

cSer devfce for sampling a pcrtion of the power level on The VGA output signal on hne 416 « toen input "to a 

Sm Tit is conflated, however, thaf >ther known 20 power detector circuit 418. Power detector ^cu« 4l 8 

power sampler circuit designs, including transformer-based represents a circuit of a conventual design fa oh^ntag a 

Ejgns'Ty well be employed in power sampler circuit ^^^J^^^^^ 

TbesensedsignalonUnedlOhassubs^ymesa^ „ J^^tS^*^^^ 

If this sensed signal is rectified directly by a power detector wave rccuncrs, or incrnuu u«u**u 

circuit as was done in the prior art by power detector 314 Because power detector 418 only has to rectify a signal 

of prior art FIG. 3. the wide dynamic range of this sensed ^ having a narrow dynamic range. Le,. a relatively constant 

signal will result in a nonlinear transfer characteristic amplitude ax. signal, the dynamic range-related nonUneanty 

between the input and the output of the power detector. This is advantageously removed from the control loop of RF 

is because power detectors are, as is well known, inherently signal source 400. Furthermore, the voltage gain of VGA 

nonlinear over a wide dynamic range, e.g.. above 10 dB. 412 may be chosen such that detection occurs near or at the 

To facilitate highly linear power detection over a wide 35 optimum detection point of power detector circuit 418, i.e.. 

dvnamTc^nge e i^ov^bout 30 dB and up to about 40 35 the point at which the detection charactenstics of the power 

S rS^Sidfcl as well as at high frequencies, e.g., detector is most linear and the bandwidth Ji ^maximized In 

£ove aLTSomCl^ and up to about2.5 giga-herlz so doing, power detection accuracy is fimho ^ 

rJfce^ Wthout the fluctuaUons in ^^J^ZSi 

the inventive power controUer circuit advantageously senses 40 signal, power detector <^*° P*"?* ^ 

the wide dynamic range output signal on line 404 but In a more linear nianner. advantageously simplifying any 

Resents a signal havh^only a narrow dynamic range to the correction that has to be performed at that powei r range (due 

SSto the power deLor'with reference to FIG. 4, the to, e.g.. process variations in the 

sensed signalon line 410 is first "conditioned" by a variable ponents of power controller 40 1 as well as sunphfying the 

gam amplifier (VGA) 412, which takes as its input the 45 calibration of the resulting RF signal source 400 

sensed signal on line 410 and either amplifies or attenuates The relatively constant amplitude of the VGA output 

the power of the sensed signal to output, responsive to a signal on line 416 produces a relatively constant dx. signal 

user-supplied control signal on line 414. a variable gain at the output of the power detector circuit This rectified 

amplifier (VGA) output signal on line 416. signal (shown on line 420 of FIG. 4) is then compared 

The aforementioned user-supplied control signal 50 against a reference signal on a terminal 422 by an error 

represents, in one embodiment, the signal used for control- amplifier 424. In the ernbodiment of FIG. 4. error amplifier 

ling the amount of power output by RF power amplifier 402. 424 is implemented by an operational amplifier, which is 

This user-supplied control signal may be generated by any configured in a conventional integrating amplifier arrange- 

number of conventional methods. In one embodiment, this ment It is contemplated, however, that other conventional 
user-supplied control signal Is generated by a 55 and well-known amplifying circuits for companng the dif- 

microcontroller, a microprocessor, or digital logic circuitry ference between its input signals and outputtmg an error 

through a digital-to-analog converter (DAC) of a conven- signal may well be employed. 

tional design. Responsive to the difference between its two inputs, error 

VGA 412 represents, in one embodiment, the well-known amplifier 424 generates an error signal on line 406, which is 
variable gain amplifier and is preferably selected from 60 then used as a control signal to set the gain of RF power 

conventional designs that permit amplification (and con- amplifier 402. In this manner, a closed loop is formed with 

constantly attenuation) over the high dynamic range and the power controller circuit 401 sensing, through power sampler 

high frequencies of interest In one example. VGA 412 may circuit 408, the level of power output by RF power amplifier 

comprise multiple cascaded VGA stages to improve its 402 and adjusting that power level to correspond to the 
dynamic range and bandwidth. 65 power level set by the user-supplied control signal on line 

Further VGA 412 may be selected to have a gain control 414. The advantage of the present architecture lies, among 

that is either linear in voltage (i.e.. its output voltage varies others, in the fact that power detection by power detector 
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circuit 418 is performed within a narrow dynamic range. amplitude control feature permits simple calibration 

thereby improving linearity while preserving both the high schemes to be employed, advantageously permitting the 

bandwidth and wide dynamic range. inventive RF signal source to be calibrated using only two 

Reference signal 422 is either a fixed dx. voltage level, a calibration points (as discussed earlier in connection with 

temperature compensated dx. voltage level, or a variable 5 FIG. 2). 

<tc. voltage signal that is either internally or externally Most importantly the power control circuit of FIG. 4 can 

supplied A variable reference signal may be used to. for operate at a high bandwidth and a wide dynamic range. For 

example, adjust power controller 491 to compensate for example, it is found that the inventive architecture is highly 

process variations in the manufacture of the components of suitable for communication systems which specifies 30-40 

RF signal source 400. e.g.. in the gain error of RF power 10 dB of dynamic range at frequencies above 800 megahertz up 

amplifier 402. in power detector 418. or in other components to 2.5 gigahertz, e.g.. cordless phones, cellular phones, or 

of the RF signal source, so that a given user-supplied control PCS phones utilizing, for example, the GSM protocol, 

signal on line 414 will generate the same level of output addition to the aforementioned benefits, it is found that 

power on line 404. In this manner, absolute accuracy across foe power control architecture of the present invention cau 

RF signal sources can be set be realized on standard high speed bipolar technology. It 

To illustrate the operation of the inventive power control should be borne in mind at this point that although high 

circuit consider the situation where the user wishes to speed bipolar technology is preferred, it is contemplated that 

increase the power level output by RF signal source 400. To other technologies such as GaAs, CMOS, BiCMOS* may 

do so, the d.c. voltage level of the user-supplied control well apply. Using standard technologies, it is possible to 

signal on line 414 is increased. Temporarily, this decreases 20 integrate most components of power controller 401 on a 

the a.c. level, i.e.. the peak-to-peak and RMS voltage level, single integrated circuit (IC) chip, with an optional provision 

of the VGA output signal on line 416. In turn, the rectified for externally coupling the capacitor CI of error amplifier 

signal on line 420 out of power detector circuit 418 is 424. The reference signal at terminal 422 may be internally 

decreased. Error amplifier 424. upon sensing the decreased provided or it may be externally specified or modified 

voltage level on line 420 will cause an increase in me 25 through a pin on the IC. Compared to existing power control 

voltage of the error signal on line 406, which in turn schemes which utilize discrete components, the ability to 

increases the amount of power output by RF power amplifier functionally integrate the components of power controller 

402. 401 into a single IC advantageously saves board space and 

This increased power level output by RF power amplifier 30 component cost 
402 on line 404 will be sensed by power sampler circuit 408. In another embodiment an additional temperature corn- 
resulting in an increase in the sensed signal on line 410. The pensation circuit of a conventional design may be provided 
power level on line 404 (and concomitantly on line 410) will to correct for temperature-related errors in power detector 
continue to increase until VGA 412 pulls the VGA output circuit 418. In one example, a temperature compensation 
signal on line 416 back up to its previous a.c. level to 35 circuit is integrated into the design of a full wave rectifier, 
stabilize the feedback loop. At mis point the power output i.e., fabricated on the same IC to implement power detector 
by RF signal source 400 is stable and proportional to the dc. circuit 418. 

voltage level of the user-supplied control signal on line 414. n a 5A shows, in accordance with another embodiment 

Conversely, a decrease in the voltage level of the user- of the present invention, a power detector circuit including 

supplied control signal on line 414 will result in a temporary 40 the temperature compensation circuitry, that is suitable for 

increase in the a.c. level of the VGA output signal on line use in the inventive power controller. In FIG. 5A. a 

416. Correspondingly, the rectified signal on line 420 is temperature-compensated logarithmic full-wave detector is 

increased, resulting in a decrease in the voltage level of the employed as a power detector. The detector biasing scheme 

error signal on line 406. Consequently, less power is output relies on the inherent excellent matching of integrated 

by RF power amplifier 402 and sensed by power sampler 45 bipolar transistors. Transistor pairs Q1/Q2 and Q7/Q8 are 

circuit 408. The power level output by RF power amplifier connected in the form of emitter followers that buffer the 

402 will continue to decrease until VGA 412 pulls the VGA differential detector cell input. Vin. Transistors Ql and Q2 

output signal on line 416 back down to its previous a.c. level have a relative area ratio of N:l , as do transistors Q7 and Q8. 

to stabilize the feedback loop. At this point the power output These emitter followers are all biased at the same current. Ip. 

by RF signal source 400 is again stable and proportional to 50 via current sources II. 12. 13, and 14. Under these conditions, 

the d.c. voltage level of the user-supplied control signal on the voltage between emitters, shown in FIG. 5A as Vp, is 

line 414. independent of the bias current Ip and is proportional to 

As can be seen from the foregoing, the present invention absolute temperature (FTAT). 
advantageously employs one or more VGA stages to 

"absorb" the dynamic range of the output signal on line 404 35 Vp=&vbe=Vt i«flv) (Eq n 

and presents a more limited dynamic range to power detec- " 

tor circuit 418, Advantageously, the linearity of the power This PTAT voltage Vp is used to bias the full-wave 

detection process is improved, with a corresponding detector cell formed by transistors Q3-Q6. Transistors Q3 

improvement in the linearity of the relationship between the and Q4 have a relative area ratio of M: 1, as do transistors Q5 

voltage level of the user- supplied control signal on line 414 60 and Q6. Each differential pair is biased with a current Ik. For 

and the level of power output in dBm on line 404. If VGA accurate logarithmic operation, current Ik is usually set to be 

412 is chosen to be linear in voltage (instead of linear in dB), constant with temperature. 

note that this linearity would appear in the relationship Transistor pair Q3 and Q4. which are connected between 

between the voltage level of the user-supplied input control the emitters of transistors Q2 and Q7, rectify positive input 

signal on line 414 and the voltage level of the output signal 65 transitions. Transistor pair Q5 and Q6. which are connected 

on line 404, which tends to increase detection accuracy, between the emitters of transistors Ql and Q8. rectify 

albeit at a reduced dynamic range. In any case, this linear negative transitions at input Vin. The detector output is taken 
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from the collectors of transistors Q3 and Q5 andis shown In Likewise, conventional temperature compensation tedi- 
FIG 5A as current IR. The collectors of transistors Q4 and niques may also be applied to VGA 412 to correct for 
Q6 may be tied to the supply voltage and are typically not temperature related errors therein. By way of example 
used^ThePTAT bias volttge Vp^uch is provided by the temperature compensation techniques based on the use of a 
SenX follower^ "Ts'^d across *e differential s proportional-to- absolute-temperature (PTAT) .«» ^ 
mpui cuullcl ' _ 7/ . ~J compensates for temperature-related gain variations in bipo- 

rxurs ofthedctector transistors. lar ttansistors, may be employed Such temperature com- 

For Vm=U. pensation circuitry may also be integrated into the same IC 

chip to save board space and component cost Note that 
ir=+vkam extfVji/v/Hi) (E* 2 ) 10 when such temperature compensation circuits arc employed. 

Substituting Eq. 1 into Eq. 2 and simpnfying gives: *£^l&~&£SlttZZ 

dynamic range and is also advantageously temperature 

IR=VKW tf+l) For Vm=0 (Eq. 3) stable. 

As seen in Eq. 3. the bias point is independent of .5 & an alternative embodiment the power ««£oUer°^ 

tem^ure for vLo This result I. due to the fact mat the F«ent embodiment may be configured as a high bandwi«»h 

SPTAT voltage Vp. whid, is derived from ungual area P^n« -JJJ-J - J «-J ^^752 

transistors biased with identical currents, compensates for me P°wer ouipwoy au ^ puwu i ™* f 
me temperature dependent bias required by me mU wave 

^JT?H - M may be chosen as appropriate able digital logic cirotitry. B"^^^£P^«£ 

dependingontherequirementsofanappUention.Ithasbeen * ^ * 

" ffVh is included in the analysis, the dynamic current at are substantially similar to like components discussed and 

♦u V J r ^7 1 ,w shown in FIG. 4. Note that no user-supplied control signal 

the detector output is then. ^ fa ^ ^ y(}A 4U iQ nG 4 the control input 

into VGA 412 is coupled (via line 510) to the error signal out 
]R(\tn)=iK/t\+M N cxp(-vwv»)4-/^]+w N «p( vwvo (Eq. 4) of crror amplifier 424. The same line 510 may also be used 

The fuU-wave detector cell described above , ta fig* TJS^^SS^X 
stantiaUy constant slope w*t. temperature -thedeteetcr <^>^*£ eTuple. a^ocoottollcr 514 (some micro- 
output as a function of inputpower (i.e.. propomonri to 35 ^^^^dy have onboard an ADC. in which 
W) presented to 4e input pert over a range ^ $g ^ ^ n ^ Responsive to this 
octave. As indicated in Eq. 4. however * e detector ^1 microcontroller 514 may then output a control 
yield an output whose dc level Will still vary with tern- WW ig ^ ^ ^ ^ ^ ^ rf ^ 

peramre for Via not equal to zero » achieve a desired output power level. 

FIG. SB shows, m ac cordancc ^anoU,«j upecl ^of the 40 P 0 ^* mat ^ feM ted advantages 

present invention, a technique for compensating for tWs controller of FIG. 4 also applies 

mmnal error in a power amphfier ^ndx,l system. The H?EwI«2tf?» 6. These advantages inTlude: 

technique involves using a second, reduadant full-wave to me ^pow telnperature independent 

detector cell 4«o to buffer the ^referen« v£^e Vref ^,^^^5 Wwidm. wwHynamic range, and 

The output currents of Sectors ** ^X.™ to integrate (with or without the temperature 

converted to voltages using resistors R3 and R4. which have ^ standard technologies, 

substantial^ smular resistance vah.es S tttis invention ha! been described in terms of 

pre-filterthe rectified output -en^^Sd^eveL so ^^^^^^^ 
The overall configumUon prondes temperature ttadong to f ^ laacntiag ^ ^thods and appara- 

the actual error amplifier reference voltage o aeate a ^ a V ^ .^^^ 

full-wave detector that .s substanU^y ter^^t^e c^^»- ^Uowing' appended claims be interpreted as including 

SS5S5SSS52* - ^^Hssasast- 

ItThouM Kc in mind mat the temperature compen- 60 amplifier, a reference voltage level, and a conuol signal, 
sated full-wave detector architectures of FIGS. 5A and SB comprising. . ., 

represent only exemplary ways to implement power detec- a power sampler circuit for amphng a portion of said 
Z a^i thnt mere either LowZcuits teimplement. output signal and outputtujg a sensed signal, said 

ing Z aforesaid power detection. Consequently, these sensed signal being proportional to a power level of 

power detection implementations are included herein for 6J said output signal: 

illustration puiposes and should not be construed as limiting a variable gam amplifier having a first variable gain 
the scope of the claimed invention. amplifier input and a second variable gain amplifier 
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input, said first variable gain amplifier input being 
coupled to said power sampler circuit for receiving said 
sensed signal* said second variable gain amplifier input 
receiving said control signal, for outputting a variable 
gain amplifier output signal having a substantially 
constant peak-to-peak voltage irrespective of a power 
level of said output signal; 

a power detector circuit coupled to said variable gain 
amplifier for receiving said variable gain amplifier 
output signal, said power detector circuit outputting a 
rectified signal; 

an error amplifier having a first error amplifier input and 
second error amplifier input, said first error amplifier 
input being coupled to said power detector circuit for 
receiving said rectified signal, said second error ampli- 
fier input being coupled to said reference voltage level 
whereby said error amplifier outputs said error signal 
responsive to a difference between said rectified signal 
and said reference voltage level; and 

whereby said variable gain amplifier is configurable to 
have either a substantially linear in dB gain control or 
a substantially linear in voltage gain control. 

2. The power controller circuit of claim 1 wherein said 
power detector circuit further comprises a first temperature 
compensation circuit to render a transfer characteristic of 
said variable gain amplifier substantially independent of 
temperature variations. 

3. The power controller circuit of claim 2 wherein said 
error amplifier circuit further comprises a second tempera- 
ture compensation circuitry to render a transfer characteris- 
tic of said power detector circuit substantially independent 
of temperature variations. 

4. The power controller circuit of claim 1 wherein said 
first alternating current has a dynamic range of about 40 dB. 

5. The power controller circuit of claim 4 wherein a 
frequency of said first alternating current is above about 800 
mega-hertz. 

6. The power controller circuit of claim 5 wherein a 
frequency of said first alternating current is up to about 2.5 
giga-hertz. 
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7. The power controller circuit of claim 4 wherein a 
frequency of said first alternating current is up to about 2,5 
giga-hertz. 

8. A method for obtaining a rectified signal from a first 
alternating current signal for use with a power amplifier 
having an output signal comprising: 

inputting a control signal and said first alternating current 
signal into a variable gain amplifier to obtain a second 
alternating current signal, said second alternating cur- 
rent signal having a substantially constant pcak-to-pcak 
voltage irrespective of a power level of said first 
alternating current signal; 

rectifying said second alternating current signal, using a 
power detector circuit to obtain said rectified signal, 
whereby a direct current level of said rectified signal is 
substantially proportional to said power level of said 
first alternating current irrespective of said power level 
of said first alternating current; and 

whereby said variable gain amplifier is configurable to 
have either a substantially linear in dB gain control or 
a substantially linear in voltage gain control. 

9. The method of claim 8 wherein said power detector 
comprises a first temperature compensation circuit to render 
a transfer characteristic of said variable gain amplifier 
substantially independent of temperature variations. 

10. The method of claim 9 wherein said error amplifier 
circuit further comprises temperature compensation cir- 
cuitry to render a transfer characteristic of said power 
detector circuit substantially independent of temperature 
variations. 

11. The method of claim 8 wherein said first alternating 
current has a dynamic range of about 40 dB. 

12. The method of claim 11 wherein a frequency of said 
first alternating current is above about 800 mega-hertz. 

13. The method of claim 12 wherein a frequency of said 
first alternating current is up to about 2.5 giga-hertz. 

14. The method of claim 8 wherein said first alternating 
current has a dynamic range of about 30 dB to about 40 dB. 
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It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
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Column 1, line 24, change "modem" to --modern- 
Column 3, line 10, change "modem" to -- modem-- 
Coiumn 3, line 49, change "modem" to -nmodern— 
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